Tofu-misozuke is a traditional fermented food in Japan, and contains biogenic amines that function as neurotransmitters, but are toxic when consumed at high levels. Analysis of the amine production of bacterial communities is important for controlling the amine content in fermented foods. We investigated the bacterial community and biogenic amine content of tofu-misozuke. The lactic acid bacteria (LAB) ratio in the community and tyramine content were highly related. LAB were isolated to identify the biogenic amine-producing species. Isolated strains from tofu-misozuke were identified, and their tyramine formation potential was evaluated by PCR detection of the tyrosine decarboxylase gene and by cultivation tests. We detected three tyramine-producing bacteria, Enterococcus faecium, Weissella viridescens, and Lactobacillus curvatus, in tofu-misozuke.
Introduction
repeated 25 times. PCR products were purified using the Ultra Clean PCR Clean-up Kit (MO-BIO, Carlsbad, CA, USA) according to the manufacturer's protocol. Purified PCR products were ligated with the pT7Blue vector (Novagen, Darmstadt, Germany) using the DNA Ligation Kit (Takara Bio, Kusatsu, Japan) according to the manufacturer's protocol. Then, 10 µL of the ligation mixture was transformed to 100 µL of Escherichia coli DH5α (Takara Bio) as competent cells by standard methods. After colonies were formed on an LB-ampicillin plate, white colonies were selected and plasmids were extracted using the Wizard SV Minipreps DNA Purification System (Promega, Madison, WI, USA). was added to prepare the solid medium. Tofu-misozuke was cut and inoculated into MRS or LM17 medium in a flask. The flask was incubated statically at 30℃ for 2 days. The culture broth was diluted and spread on the MRS plate. Colonies grown on the MRS plate were observed based on color, size, and shape. Various colonies were picked and inoculated onto an MRS slant, and incubated at 30℃ for 2 days. They were subsequently stored at 4℃. of LAB in samples A and E (soaked in miso paste) were as high as 80% and 92%, respectively. In the case of sample A, Weissella viridescens (36%), Lactobacillus sakei (28%), and L. curvatus (16%) were the dominant species with highly similar sequences.
Bacillus megaterium (16%) and Deinococcus geothermalis (4%)
were also detected. In sample E, L. homohiochii (50%),
W. viridescens (27%), L. sakei (8%), and L. curvatus (8%)
were the dominant LAB. W. viridescens was the major bacterial species identified in samples A and E. W. viridescens was reported to be isolated from fermented dry sausage (Papamanoli et al., 2003) , and dry sausage showed high BA content (Suzzi and Gardini, 2003) . Therefore, it was suggested that W. viridescens might be involved in BA production. The ratios of LAB to all bacteria detected in the manufactured type (samples B, C, and D) were very low: 5%, 0%, and 0%, respectively. Staphylococcus was dominant in sample B. Staphylococcus spp. are often found in fermented foods such as soy sauce (Wei et al., 2013) . B.
amyloliquefaciens and B. subtilis were the dominant species in samples C and D, respectively. These Bacillus spp. have been found in miso (Byun and Mah, 2012) and douchi, a fermented soybean curd . However, Bacillus spp. are likely not involved in the BAs produced in tofu-misozuke. Figure 3 shows the correlation between the ratio of LAB and tyramine content in tofu-misozuke samples. This result is consistent with the generation of tyramine by LAB. It was suggested that LAB might be involved in BA production in tofu-misozuke as with fermented protein foods.
Identification of isolated LAB In the previous section, LAB
constituted a large proportion of the bacteria detected in Fig. 1 . Typical HPLC chromatograms of biogenic amines in sample E (a) and standard solution (b) (1, tryptamine; 2, β-phenylethylamine; 3, putrescine; 4, cadaverine; 5, histamine; 6, tyramine). samples A and E. Therefore, we attempted to isolate LAB
